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Determina)on	
  of	
  Aerosol	
  Op)cal	
  Depth,	
  and	
  Top	
  Of	
  Atmosphere	
  
Calibra)on	
  Values	
  With	
  a	
  Mul)-­‐Filter	
  Rota)ng	
  Shadowband	
  

Radiometer,	
  Over	
  a	
  Five	
  Year	
  Long	
  Period	
  



Aerosol Optical Depth (AOD) is important because aerosols determine atmospheric 
energy deposition and cloud condensation nuclei. AOD can be determined with a sun 
photometer. The first step in determining AOD is the determination of the top of 
atmosphere values (V0). The sun photometer considered here is a Yankee 
Environmental Multi-Filter Rotating Shadowband Radiometer (MFRSR). Four methods 
of determining the top of atmosphere values are examined and applied to data taken 
during the Third Filter Radiometer Comparison (FRC-III), which took place during the 
Twelfth International Pyrheliometer Comparison Held in Davos, Switzerland during 
September and October of 2015. Data from a set of three Physikalisch –
Meteorologisches Observatorium Davos (PMOD) manufactured Precision Filter 
Radiometers (PFRs), known as the PFR Triad, were used as the reference data set.!

Data were collected over a five year period at CLH (Chesapeake Light House, twenty 
kilometers off the Virginia coast), and LRC (located in southwest Virginia) BSRN sites, 
and at PMOD. !

In place long-term straight line fits of daily TOA values were found to result in AOD 
values that matched well with TOA values obtained with the Triad.	
  

Abstract	
  



Measurement	
  loca<ons	
  

Clouds	
  and	
  the	
  Earth’s	
  Radiant	
  Energy	
  System	
  	
  
(CERES)	
  Ocean	
  Valida<on	
  Experiment	
  COVE,	
  
(BSRN	
  site	
  CLH).	
  	
  COVE	
  DATA	
  	
  2000	
  -­‐	
  2016.	
  

This	
  Study	
  2011	
  and	
  2012	
  

NASA	
  Langley	
  (BSRN	
  site	
  LRC).	
  
2013,	
  2014,	
  &	
  2015.	
  



Determina<on	
  of	
  Instrument	
  V0	
  at	
  TOA	
  

Four	
  methods	
  of	
  determining	
  V0	
  were	
  inves<gated	
  	
  
1)  Fit	
  to	
  mountain	
  points	
  
2)  Fit	
  to	
  all	
  daily	
  AM	
  V0	
  points.	
  
3)  3-­‐month	
  running	
  mean	
  fit	
  to	
  daily	
  AM	
  V0	
  points	
  
4)  	
  Davos	
  mountain	
  points	
  only	
  	
  

Beer’s	
  Law,	
  	
  	
  
	
  V	
  =	
  V0*exp(-­‐t0m)	
  

Where	
  	
  	
  t0	
  =	
  taerosol	
  +	
  tRayleigh	
  +	
  tozone	
  +	
  tN02	
  	
  
V0	
  =	
  Top	
  of	
  Atmosphere	
  value	
  
t	
  =	
  tau	
  =	
  op<cal	
  depth	
  

V0	
  is	
  needed	
  to	
  characterize	
  instrument	
  voltages	
  in	
  the	
  absence	
  of	
  an	
  atmosphere,	
  and	
  is	
  
determined	
  by	
  extrapola<on	
  of	
  measurements	
  at	
  mul<ple	
  solar	
  zenith	
  angles.	
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Langley	
  plots	
  based	
  on	
  Beer’s	
  Law	
  (one	
  transit)	
  
Mauna	
  Loa	
  Hawaii	
   NASA	
  Langley	
  (LRC)	
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V0	
  

Four	
  methods	
  of	
  determining	
  V0	
  
were	
  inves<gated	
  	
  
1)  fit	
  to	
  mountain	
  points	
  
2)  fit	
  to	
  all	
  daily	
  AM	
  V0	
  points.	
  
3)  3-­‐month	
  running	
  mean	
  fit	
  to	
  

daily	
  AM	
  v0	
  points	
  
4)  	
  Davos	
  mountain	
  points	
  only	
  	
  



/Users/denn/Forsun/SRB/MFRSR/MFRSR_interval_means.BSRN-2016
Apr 21 10.19.57 2016
allPnts_496nm_list_550_2013_mlo.eps

8.400

8.450

8.500

8.550

8.600

8.650

8.700

8.750

8.800
ln

 ( 
W

av
e_

le
n 

=4
95

.8
 n

m
 )

0 5 10 15 20 25 30
Day of February, 2013

Fit to ln(v0s)
Wave len 495.8 nm

All Points
Airmass range > 1.0

Langley fits >   200 points
Langley residual max =  0.006

data file list = list_550_2013_mlo

   AM max delta od  = -9.999
   PM max od slope  = -9.999

mean(first_pass) - 2.0*sd

mean(first_pass) + 2.0*sdX X

sa
m

pl
e_

m
ea

n=
 8

.6
20

2 
 s

d=
 0

.0
03

6 
 s

e=
 0

.0
00

9 
np

ts
= 

 1
6

AM
   

 8
.6

20
1 

   
0.

00
32

   
 0

.0
01

2
PM

   
 8

.6
20

2 
   

0.
00

30
   

 0
.0

01
4

m
ed

ia
n 

= 
 8

.6
20

0

ce
nt

ra
l q

ua
rti

le
s 

m
ea

n=
8.

62
00

  s
d=

0.
00

18
  s

e=
0.

00
06

1/
2 

po
in

ts
 it

er
at

iv
e 

m
ea

n=
8.

62
04

  s
d=

0.
00

13
  s

e=
0.

00
04

  r
nu

m
= 

 9

30
35
40
45
50

H
ea

d 
Te

m
p,

 C

2013.0 2014.0
Year

Head Temperature

Ln
	
  (V

0)
	
  a
t	
  4

95
nm

	
  

Example	
  of	
  a	
  Calibra<on	
  Mission	
  to	
  Mauna	
  Loa	
  Hawaii	
  
Eight	
  Days	
  of	
  Data	
  February	
  2013.	
  



Example	
  of	
  a	
  Mountain	
  Calibra<on	
  at	
  MLO	
  &	
  Davos	
  

/Users/denn/Forsun/SRB/MFRSR/MFRSR__V0-file__plot.AM
Apr 14 18.09.27 2016
means_N_month_2011_496nm.eps
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Fit	
  to	
  Mountain	
  V0s,	
  2	
  at	
  MLO,	
  1	
  at	
  Davos	
  

The	
  point	
  from	
  the	
  pervious	
  slide	
  

Two	
  other	
  points	
  MLO	
  and	
  Davos	
  

fit	
  line	
  to	
  3	
  mountain	
  points	
  



/Users/denn/Forsun/SRB/MFRSR/MFRSR__V0-file__plot.AM
Apr  6 10.32.50 2016
means_N_month_2011_496nm.eps
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Daily	
  V0	
  points	
  

Example	
  of	
  a	
  Calibra<on	
  in	
  Place	
  at	
  LRC	
  &	
  CLH	
  
Four	
  and	
  a	
  half	
  Years	
  of	
  Data	
  

Compared	
  to	
  Mountain	
  calibra<ons	
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Fit	
  to	
  4.5	
  years	
  of	
  daily	
  V0s	
  
Fit	
  to	
  Mountain	
  V0s,	
  2	
  at	
  MLO,	
  1	
  at	
  Davos	
  
.	
  

Previous	
  plot	
  with	
  all	
  available	
  morning	
  V0s	
  	
  
The	
  red	
  line	
  is	
  a	
  fit	
  to	
  the	
  several	
  years	
  of	
  data	
  
it	
  almost	
  lies	
  on	
  on	
  the	
  blue	
  mountain	
  fit	
  line.	
  



/Users/denn/Forsun/SRB/MFRSR/V0_file_plot
Apr  8 11.04.14 2016
means_N_month_2011_496nm.eps
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case_string = case.3mn.lin-fit.mountain
TOAs_3mn_means
/Users/denn/data0/TOAs+plots/550/TOA_550_COVE_2011_cove_AM
/Users/denn/data0/TOAs+plots/550/TOA_550_CAPABLE_2012_3monthTOA_AM
/Users/denn/data0/TOAs+plots/550/TOA_550_CAPABLE_2013-3MonthMeans_AM
/Users/denn/data0/TOAs+plots/550/TOA_550_CAPABLE_2014_3monthTOA_AM
/Users/denn/data0/TOAs+plots/550/TOA_550_CAPABLE_2015_3monthTOA_AM
TOAs_LinearFits_daily-V0s
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2011
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2012
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2013
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2014
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2015
TOAs_fit_to_mountain_points
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2011
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2012
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2013
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2014
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2015
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Npts(MLO)

3	
  Month	
  Running	
  Means	
  
Fit	
  to	
  4.5	
  years	
  of	
  daily	
  V0s	
  
Fit	
  to	
  Mountain	
  V0s,	
  2	
  at	
  MLO,	
  1	
  at	
  Davos	
  

*	
  .	
  

Three	
  Calibra<on	
  Methods	
  495nm,	
  
Four	
  and	
  a	
  half	
  Years	
  of	
  Data	
  at	
  CLH	
  and	
  LRC.	
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/Users/denn/Forsun/SRB/MFRSR/MFRSR_AOD_compair_two_MultiYear.NoStddev
Apr 13 17.35.28 2016
case_2011_larc_550_DailyLinearV0_vs_3mnMeanV0.500nm_deltas_monthly.eps
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list_in = case_2011_larc_550_DailyLinearV0_vs_3mnMeanV0.500nm
/Users/denn/data0/BSRN_LRC/2015-12/2015-12_month_met.txt

(1)  495.8nm /Users/denn/data0/mfrsr/AODs_550/AODs_3month_AM_TOA/AOD_sec_MFRSR-550_2011-01_NmnV0_am_TOA.txt.minutes
through /Users/denn/data0/mfrsr/AODs_550/AODs_3month_AM_TOA/AOD_sec_MFRSR-550_2015-12_3mnV0_am_TOA.txt.minutes

(2)  495.8nm /Users/denn/data0/mfrsr/AODs_550/AODs.V0_Daily_Linear_Fits/AOD_sec_MFRSR-550_2011-01..V0_fit_to_daily_vals.minutes
through /Users/denn/data0/mfrsr/AODs_550/AODs.V0_Daily_Linear_Fits/AOD_sec_MFRSR-550_2015-12..V0_fit_to_daily_vals.minutes

Monthly Means
2.0*std-err

sd=0.014
se=0.002
mean= 0.000

AOD	
  Differences	
  (495nm)	
  
MFRSR	
  (Daily	
  fit	
  V0)	
  	
  -­‐	
  MFRSR	
  (3	
  month	
  mean	
  V0).	
  



AOD	
  Differences	
  (495nm)	
  
MFRSR	
  (Daily	
  fit	
  V0)	
  	
  -­‐	
  MFRSR	
  (Mountain	
  V0)	
  

/Users/denn/Forsun/SRB/MFRSR/MFRSR_AOD_compair_two_MultiYear.NoStddev
Apr 13 17.49.16 2016
case_2011_larc_550_DailyLinearV0_vs_MountainV0.500nm_deltas_monthly.eps
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list_in = case_2011_larc_550_DailyLinearV0_vs_MountainV0.500nm
/Users/denn/data0/BSRN_LRC/2015-12/2015-12_month_met.txt

(1)  495.8nm /Users/denn/data0/mfrsr/AODs_550/TOAs_MLO_fit/AOD_sec_MFRSR-550_2011-01_MLO_fit.minutes
through /Users/denn/data0/mfrsr/AODs_550/TOAs_MLO_fit/AOD_sec_MFRSR-550_2015-12_MLO_fit.minutes

(2)  495.8nm /Users/denn/data0/mfrsr/AODs_550/AODs.V0_Daily_Linear_Fits/AOD_sec_MFRSR-550_2011-01..V0_fit_to_daily_vals.minutes
through /Users/denn/data0/mfrsr/AODs_550/AODs.V0_Daily_Linear_Fits/AOD_sec_MFRSR-550_2015-12..V0_fit_to_daily_vals.minutes

Monthly Means
2.0*std-err

sd=0.003se=0.000
mean=-0.002



Instrument	
  Transport	
  Issues	
  



/Users/denn/Forsun/SRB/MFRSR/V0_file_plot
Apr  8 11.04.14 2016
means_N_month_2011_869nm.eps
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case_string = case.3mn.lin-fit.mountain
TOAs_3mn_means
/Users/denn/data0/TOAs+plots/550/TOA_550_COVE_2011_cove_AM
/Users/denn/data0/TOAs+plots/550/TOA_550_CAPABLE_2012_3monthTOA_AM
/Users/denn/data0/TOAs+plots/550/TOA_550_CAPABLE_2013-3MonthMeans_AM
/Users/denn/data0/TOAs+plots/550/TOA_550_CAPABLE_2014_3monthTOA_AM
/Users/denn/data0/TOAs+plots/550/TOA_550_CAPABLE_2015_3monthTOA_AM
TOAs_LinearFits_daily-V0s
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2011
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2012
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2013
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2014
/Users/denn/data0/TOAs+plots/550/V0_550_daily_AM_V0_fit_2015
TOAs_fit_to_mountain_points
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2011
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2012
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2013
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2014
/Users/denn/data0/TOAs+plots/550/TOA_mlo_fit_2015
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Npts(MLO)

Instrument	
  Change	
  Caused	
  by	
  Shipping	
  

3	
  Month	
  Running	
  Means	
  
Fit	
  to	
  4.5	
  years	
  of	
  daily	
  V0s	
  
Fit	
  to	
  Mountain	
  V0s,	
  2	
  at	
  MLO,	
  1	
  at	
  Davos	
  

*	
  .	
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Comparison	
  with	
  	
  
AErosol	
  Robo<c	
  NETwork	
  AERONET	
  

Cimel	
  Sun	
  Photometer	
  



/Users/denn/Forsun/SRB/MFRSR/MFRSR_AOD_compair_two_MultiYear.NoStddev
Apr  8 14.12.47 2016
case_2011_larc_550_DailyLinearV0_vs_AERONET_2015.500nm_deltas_monthly.eps
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list_in = case_2011_larc_550_DailyLinearV0_vs_AERONET_2015.500nm
/Users/denn/data0/BSRN_LRC/2015-12/2015-12_month_met.txt

(1)  490.0nm /Users/denn/data0/aeronet_cove/level-2/Aeronet_Seaprism_L20_2011-01.txt.16vals
through /Users/denn/data0/aeronet_larc/AERONET_LaRC_L1.5_2015-12.txt.16vals

(2)  495.8nm /Users/denn/data0/mfrsr/AODs_550/AODs.V0_Daily_Linear_Fits/AOD_sec_MFRSR-550_2011-01..V0_fit_to_daily_vals.minutes
through /Users/denn/data0/mfrsr/AODs_550/AODs.V0_Daily_Linear_Fits/AOD_sec_MFRSR-550_2015-12..V0_fit_to_daily_vals.minutes

30 day means
std-err
std-dev

sd=0.021
se=0.001
mean= 0.018
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  fit	
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  (495nm)	
  
Can	
  be	
  Substan<al	
  

AERONET	
  Cimel	
  	
  
Number	
  

Several	
  different	
  cimels	
  were	
  used	
  during	
  the	
  5	
  year	
  period.	
  

CLH	
   LRC	
  
Two	
  Loca<ons	
  



/Users/denn/Forsun/SRB/MFRSR/MFRSR_AOD_compair_two_MultiYear.NoStddev
Apr  8 14.18.39 2016
case_2011_larc_550_DailyLinearV0_vs_AERONET_2015.670nm_deltas_monthly.eps
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list_in = case_2011_larc_550_DailyLinearV0_vs_AERONET_2015.670nm
/Users/denn/data0/BSRN_LRC/2015-12/2015-12_month_met.txt

(1)  667.0nm /Users/denn/data0/aeronet_cove/level-2/Aeronet_Seaprism_L20_2011-01.txt.16vals
through /Users/denn/data0/aeronet_larc/AERONET_LaRC_L1.5_2015-12.txt.16vals

(2)  672.8nm /Users/denn/data0/mfrsr/AODs_550/AODs.V0_Daily_Linear_Fits/AOD_sec_MFRSR-550_2011-01..V0_fit_to_daily_vals.minutes
through /Users/denn/data0/mfrsr/AODs_550/AODs.V0_Daily_Linear_Fits/AOD_sec_MFRSR-550_2015-12..V0_fit_to_daily_vals.minutes

30 day means
std-err
std-dev

sd=0.014
se=0.001
mean= 0.001
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  (670nm)	
  
Substan<al	
  ?	
  

18
5	
  

81
	
  

82
	
  

15
2	
  

96
4	
  

58
	
  

58
	
  

15
8	
  

AO
D
	
  D
iff
er
en

ce
	
  

AERONET	
  Cimel	
  	
  
Number	
  

point	
  out	
  CIMEL	
  numbers	
  

CLH	
   LRC	
  



Comparison	
  with	
  PMOD-­‐WRC	
  	
  
Precision	
  Filter	
  Radiometer	
  (PFR)	
  Triad	
  

Four	
  methods	
  of	
  determining	
  V0	
  were	
  
inves<gated	
  	
  
1)  fit	
  to	
  mountain	
  points	
  
2)  fit	
  to	
  all	
  daily	
  AM	
  V0	
  points.	
  
3)  3-­‐month	
  running	
  mean	
  fit	
  to	
  daily	
  AM	
  v0	
  

points	
  
4)  	
  Davos	
  mountain	
  points	
  only	
  	
  



/Users/denn/Forsun/SRB/MFRSR/MFRSR_AOD_compair_two_ZEN+TEMP_zones
Apr  8 14.55.36 2016
case_2015_davos_500nm_fit_to_daily_V0s_delta_AOD_vs_time_of_day.eps
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list_in = case_2015_davos_500nm_fit_to_daily_V0s
/Users/denn/data0/BSRN_LRC/2015-10/2015-10_month_met.txt

(1)  495.8nm /Users/denn/data0/mfrsr/AODs_550/AODs_davos_2015/AOD_sec_MFRSR-550_2015-09-26_fit_am_TOA_davos.txt.minutes
through /Users/denn/data0/mfrsr/AODs_550/AODs_davos_2015/AOD_sec_MFRSR-550_2015-10-01_fit_am_TOA_davos.txt.minutes

(2)  500.6nm /Users/denn/data0/IPC-XII-2015/ozone/PFR_TRIAD_WRC_20150926.aod+date
through /Users/denn/data0/IPC-XII-2015/ozone/PFR_TRIAD_WRC_20151001.aod+date

sd=0.005
se=0.000
mean= 0.002

AOD	
  Comparison	
  with	
  PMOD	
  PFR	
  Triad,	
  495nm	
  
MFRSR	
  (Daily	
  fit	
  V0)	
  	
  -­‐	
  	
  Triad	
  

This	
  is	
  one	
  one	
  case	
  and	
  one	
  wavelength	
  other	
  cases	
  and	
  wave	
  lenghts	
  follow.	
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here	
  comparisons	
  in	
  AOD	
  	
  are	
  made	
  
using	
  4	
  methods	
  of	
  determining	
  V0	
  	
  
and	
  across	
  the	
  3	
  coincident	
  
wavelengths.	
  	
  mean	
  differences	
  are	
  
determined	
  for	
  each	
  
method	
  of	
  V0	
  determina<on.	
  	
  	
  

Best	
  case	
  uses	
  	
  	
  
5-­‐year	
  daily	
  fit	
  V0	
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Same	
  plot	
  different	
  scale,	
  again	
  point	
  out	
  means	
  and	
  differences.	
  

Best	
  case	
  uses	
  	
  	
  
5-­‐year	
  daily	
  fit	
  V0	
  



Conclusions	
  

1)  Calibra<on	
  of	
  AOD	
  instrumenta<on	
  onsite	
  
using	
  long	
  term	
  daily	
  regressions	
  works	
  
befer	
  than	
  mountain	
  top	
  calibra<on	
  

2)	
  Calibra<on	
  in	
  place	
  eliminates	
  possible	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  instrument	
  damage	
  caused	
  by	
  shipping	
  and	
  	
  	
  	
  
	
  	
  	
  	
  	
  keeps	
  the	
  data	
  con<nuous.	
  

3)	
  AERONET	
  shows	
  a	
  probable	
  temperature	
  	
  
	
  	
  	
  	
  	
  dependence.	
  




